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Solitons are localised, stable waves created when the effects of dispersion or diffraction are 
compensated by nonlinearity. In the presence of gain and loss in the system, a balance between 
them has to be achieved to sustain a localised dissipative mode. Dissipative solitons can be 
generated in semiconductor microcavity lasers that can be used as building blocks in all-optical 
information processing. However, such implementation requires precise bistability conditions 
arising from coherent feedback, which are difficult to realise experimentally. Here, we 
demonstrate an alternative approach: we shape the spatial gain profile of a microcavity laser 
with a nonresonant optical pump to create spatially localised modes that are stabilised by 
nonlinear losses and confined in a diffraction-limited volume. Furthermore, the ultrafast 
formation dynamics of gain-pinned solitons is directly probed, showing their creation on a 
picosecond timescale, orders of magnitude faster than for the laser cavity solitons. This 
approach offers novel possibilities for ultrafast all-optical manipulation of light confinement in 
semiconductor devices. 
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The last decades of research in nonlinear optics have brought an immense wealth of 
systems and material configurations in which solitons can be created1. In conservative optical 
systems, spatial solitons are supported by nonlinearity compensating for the diffraction of light in 
the propagating geometry2–4. Real-world photonic devices suffer from intrinsic losses, e.g. via 
photon escape out of the structure, and it is essential to achieve the balance not only between 
the diffraction and nonlinearity, but also in the energy flow, i.e. between gain and loss of the 
system, to support self-sustaining solitary modes. Temporal dissipative Kerr solitons, recently 
realised in ring microcavity resonators, are considered to be a very promising platform for various 
applications in miniaturisation of time standards, frequency metrology systems5,6 or mode-locked 
lasers7. Another type of spatially localised dissipative structures has been successfully created in 
broad area vertical cavity surface emitting lasers (VCSELs)8–10. In this configuration, the device is 
kept below the lasing threshold, while the use of an additional external coherent holding laser 
beam, coupled to an external cavity mirror, or to a saturable absorber to set up an optical 
bistability condition, leads to the creation of stable localised modes. Their control is implemented 
with an additional external writing laser beam or pulse11,12. These stable, spatially localised 
structures are called cavity solitons, as they are not created in a propagating geometry in the 
device, but rather confined within the optical microcavity containing the active medium.  
In the opposite regime, when the laser device is driven above the threshold, the spatially 
uniform gain alone13 (without a coherent holding beam) is not capable of sustaining a localised 
bright mode which becomes unstable due to the action of the gain outside of the bright soliton 
core. Therefore, another approach has to be implemented to overcome the competition between 
the coherent holding beam and the gain lasing field. One can imagine modifying the spatial gain 
profile in the device to overcome this issue. A straightforward way is to contain gain in a small 
spatial volume, where the loss outside of this ‘hot spot’ can provide a balance between gain and 
loss around the bright soliton core14, see Fig. 1a. Dissipative solitons pinned by a localised gain 
have been intensively studied theoretically, and their realisations in various systems were 
proposed15. These so-called gain-pinned solitons have been predicted to be robust and stable over 
a wide range of parameters even in the absence of Kerr nonlinearity in the medium. In particular, 
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a one-dimensional complex Ginzburg-Landau model with an infinitesimally localised gain in a 
dissipative medium supports an exact soliton solution 15,16: 
𝐸(𝑥) = 𝐴 sinh(𝜅(|𝑥| + 𝜉))
−1+𝑖𝜇
 ,   (1) 
where 𝐴 is the amplitude of the mode, 𝜇 is the chirp coefficient and 𝜅, 𝜉 determine the shape of 
the soliton envelope function. It is not a generic solution, as the analytical form is only available 
under a constraint on the parameters. Nevertheless, it has been shown numerically that this type 
of solution represents a broader family of modes16. Moreover, the localised dissipative solitons 
are expected to be stabilized in systems with non-negligible nonlinear losses15,16. 
Figure 1. Gain-pinned dissipative soliton and the experimental characterisation of the one-dimensional 
microcavity laser. a, Schematics of the experimental realisation. The pumping laser beam is focused on a 
small area of the quasi-one-dimensional microcavity laser supporting a pinned soliton mode. The 
dimensions of the microlaser stripe are indicated in the figure. b, Dissipative soliton shapes simulated with 
a constant linear pump of finite width under assumption of linear (black line) and nonlinear loss (green 
line) in the system (parameters given in Methods section). c, Dispersion of the nonlinear refractive index 
𝑛2 and the two-photon absorption coefficient (2PA) for GaAs (cavity spacer material), calculated after ref. 
18. The indication of the spectral position of the cavity mode is given by a shaded area. d, Power 
dependent input-output series of an investigated microcavity laser showing typical threshold behaviour. 
Far-field spectra of the lasing mode below - e, and at the lasing threshold - f. Blueshift and narrowing of 
the lasing mode is observed. Dashed line indicates the cavity photon momentum dispersion. g, Real-space 
image of the spatial shape of the lasing soliton mode for 𝑃 = 3.3𝑃𝑡ℎ. h, The same as in g but in logarithmic 
colour scale to enhance visibility of the low intensity signal. Red circle indicates the gain spot. 
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In a realistic model of an experiment, the gain spot has a finite spatial width convolved 
with the analytical shape of the solitary mode, see Fig. 1b. In the simplest case of linear losses in 
the cavity (photon escape rate), without the bulk Kerr nonlinearity, the mode’s profile is trivial 
and is characterised by exponential decay outside of the gain spot (black line in Fig. 1b)14. 
However, the shape is considerably changed when a nonlinear loss, i.e. two-photon absorption, 
is also present (green line in Fig. 1b). In this case, the dissipative nonlinearity focuses the robust 
solitary mode to the volume limited by the gain spot, which is translated into the modified mode 
shape. 
In this work, we present a proof-of-concept experimental realisation of a gain-pinned 
spatial dissipative soliton in the experimental configuration schematically shown in Fig. 1a. We 
create a gain spot with a focused, pulsed, nonresonant laser beam tuned above the bandgap of 
the cavity material (GaAs), and generate a dynamical spatial soliton. The observed lasing mode is 
confined to a volume around the area of the resolution-limited gain. Subsequently, we track the 
ultrafast dynamics of the soliton formation, the evolution of the spatial profile and the profile 
narrowing, as well as the far-field emission by streak camera measurements. Additionally, we 
measure the soliton onset times of the order of few picoseconds, which is orders of magnitude 
faster than the previously reported cavity soliton manipulation dynamics10–12, and comparable to 
bright exciton-polariton soliton excitation timescales17. 
 
Results 
Experiment 
Following the existing theoretical proposals, we implement an experimental realisation of 
one-dimensional spatial dissipative solitons in a semiconductor microcavity laser, as shown in 
Fig. 1a. The cavity structures were processed by lithography and etching from a planar GaAs-
based VCSEL sample in the form of stripes of hundreds of micrometres in length and only a few 
in width, creating effective one-dimensional confinement of optical modes (see Fig.1a and 
Methods for details). The localised gain is provided by a pulsed laser source, frequency-tuned 
above the GaAs bandgap for efficient photo-excitation of electron-hole pairs. The laser spot is 
focused to a diffraction limited spot on the surface of the cavity stripe. In contrast to typical GaAs-
based waveguide designs for optical soliton experiments, where the detrimental effects of 
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nonlinear losses are kept to a minimum3,4, our sample design places the fundamental cavity mode 
in the spectral range where the refractive index nonlinearity is small and defocusing, and most 
importantly, where significant nonlinear losses due to the two-photon absorption are expected 
to occur18, see Fig. 1c. These material characteristics provide the conditions for the generation of 
gain-pinned dissipative solitons, as indicated by the theoretical models15. Additionally, the 
nonlinear loss channel is known to be more pronounced in photonic devices due to a small volume 
of the confined photon mode19–22, effectively lowering the total power densities at which the 
nonlinear effects occur. This property makes our system most suitable for exploiting the nonlinear 
loss in the process of soliton formation. 
Figure 2. Experimental dynamics of the soliton creation and decay. a, b, Time-resolved spatial dynamics 
of the soliton mode emission respectively in linear and logarithmic colour scale at pump power P=3.3 Pth. 
c, Far-field dynamics of the mode emission, where two distinct momentum wave vectors are visible and 
indicated with white dotted lines. d, Time dependency of the lasing soliton mode signal intensity and its 
spatial width (full width at half maximum - FWHM). Three different stages in the time dynamics are 
indicated in the figure: (I) lasing onset, (II) soliton creation and (III) diffraction and decay at later times. 
Region with low signal to noise ratio of the spatial width data is depicted with dotted line. e,  f, Spatial 
distributions of the lasing mode at different times indicated in the figure. Red dashed curve is the soliton 
mode envelope curve fitted to the experimental data |𝐸|2 and the black dotted line indicates the Gaussian 
laser gain spot. g, Soliton mode compression dynamics under different pumping powers showing decrease 
of the minimal width with increasing number of photons and carriers. h, Minimal spatial width of the 
soliton, showing density-dependent narrowing of the lasing mode. Dashed line in g,h indicate the spatial 
resolution of the setup, simultaneously defining the minimum measurable width of the gain spot. 
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The power dependent measurements of the device luminescence output intensity reveal 
a typical lasing threshold (where 𝑃𝑡ℎ = 29 pJ/μm
2), see Fig. 1d, being accompanied with the 
linewidth narrowing and the distinct blueshift of the emission mode energy (by about 3 meV), as 
seen in the far-field (wave vector space) spectra in Figs. 1e and 1f. This energy shift originates 
from the local cavity refractive index change due to the free carriers generated in the GaAs spacer 
of the cavity volume by a nonresonant pump pulse21,23. Subsequently, carriers relax to quantum 
wells, creating an electron-hole plasma providing gain for the lasing mode. Nevertheless, the 
energy shift does not influence the stability of the observed soliton creation, as the soliton 
dynamics is weakly affected when the local potential modification is absent (see Supplementary 
Material). The broad momentum range of the far-field spectrum in Figs. 1e and 1f reflects the 
strong localisation of the mode observed in real space, Figs. 1g and 1h. The spatial extent of the 
lasing mode is constrained to the diffraction-limited gain spot (~1.5 µm) in the longitudinal 
direction, and the sample dimensions in the transversal direction (mode width is about 4 µm). 
The mode volume could possibly be confined to an even smaller area by employing narrower 
microwire cavities or photonic crystal nanocavities20. 
The pulsed excitation used in the experiment results in a non-stationary, decaying lasing 
mode owing to the finite lifetime of the carriers and cavity photons in the system. Hence, we 
performed an analysis of the shape and dynamics of the solitary pulse in the direct time-resolved 
experiment imaging the emission with a streak camera (see Methods). The dynamics of the near 
and far-field emission patterns along the microcavity wire above the lasing threshold are 
presented in Figs. 2a-c with analysis of the spatial width and the signal intensity shown in Fig. 2d. 
One can distinguish three stages of the soliton laser dynamics. Firstly, the pump pulse creates 
high-energy electrons and holes in the barrier which relax and form a gain medium within the 
quantum well states. Then, after about 10 ps, the lasing occurs with a rapid narrowing of the 
mode’s spatial width down to the optical resolution limit of the setup (approx. 1.5 µm). 
Subsequently, the soliton pulse maintains its narrow width with the strongest emission of 
photons, and eventually it decays and undergoes diffraction at later times (after t > 60 ps), which 
is evidenced in the increase of the spatial width, Fig. 2d. The latter stage is the linear regime, 
where the gain and nonlinearity are much lower and do not sustain the soliton shape anymore. 
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The duration of the solitary lasing is short, about 20-30 ps, with an ultra-short rise time of 
approximately 3 ps, being limited by the temporal resolution of the setup. The observed fast 
response is a result of the onset of the stimulated emission and the ultrafast dynamics of 
electronic semiconductor nonlinearities occurring on the timescales of few picoseconds21,24–26. 
The three characteristic regimes in the dynamics are also distinguishable in the spatial 
shape of the emission as presented in Figs. 2e, f. At the onset of lasing, when the emission 
intensity is low, the mode is weakly localised around the gain spot with exponential spatial decay. 
Subsequently, the lasing intensity rises, reaching a maximum at around t = 37 ps, and the 
nonlinear trapping occurs at high photon densities. The mode shape, see Fig. 2f, reveals the 
solitary solution discussed in Fig. 1 and follows the analytical expression of Eq. 1. The mode 
confinement is most likely caused by the presence of nonlinear losses in the system, as any other 
nonlinearity (e.g. due to the Kerr effects, or free-carriers related) has the opposite sign and would 
lead to a trivial spatial shape, as shown in Fig. 1b. Additionally, we can safely rule out thermal 
effects, which would have much longer timescales and manifest themselves in a redshift of the 
lasing mode energy27. 
The far-field spectrum of the dissipative soliton contains two distinct peaks (Fig. 2c) due 
to the outward propagation of photons from the gain spot. This shape is the consequence of a 
dynamical balance of the energy flow characteristic of dissipative solitons: an inflow due to the 
nonresonant pump and outflow because of the nonlinear losses, which stabilises the soliton1,14,15 
(see the scheme in Fig. 1a). Moreover, backscattering of these propagating waves on the intrinsic 
disorder of the sample causes the characteristic interference pattern observed on top of the 
solitary mode. This effect is seen both in time integrated, Fig. 1h, and time-resolved images, in 
Fig. 2b. The disorder scattering in the sample adds a small spatial modulation to the soliton 
envelope, the latter being independent of the particular position on the sample. At longer times 
after the pulse, the nonlinear trapping decays along with the lasing signal and the mode is once 
again exponentially confined with additional disorder-induced modulation. The nonlinear 
mechanism of the mode trapping is also manifested in the density-dependent measurements, 
where one can see a sharp decrease of the soliton width above the lasing threshold, Fig. 2g,h. The 
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minimum measured soliton width is due to the setup resolution, being also the limitation for the 
gain spot diameter, and is indicated by an horizontal dashed line in Fig.2 g,h.   
 
Numerical modelling 
To verify the interpretation of our experiment proposed above and understand the 
observed dynamics, we performed numerical simulations based on a complex Ginzburg-Landau 
equation including nonresonant pumping and dissipation in the system, taking into account 
nonlinear losses and simplified dynamics of the photo-excited reservoir of carriers (see Methods). 
The reservoir of carriers not only provides the gain to the system, but also leads to a local 
modulation of the cavity refractive index, so-called linewidth enhancement factor, which drops 
down when the reservoir is depleted by the stimulated laser emission and nonradiative decay.  
Figure 3. Numerical simulations of the soliton dynamics. Numerical simulations of the recorded time 
dynamics presented in Figure 2. a, b, Spatial dynamics of the computed soliton mode emission in linear 
and logarithmic colour scale. All characteristics of experimental data are well reproduced. c, Far-field 
dynamics of the mode emission. d, e, Spatial distributions of the lasing mode at two different times: 
presenting the soliton mode at 35 ps and the diffracted mode at a later time 90ps. The roughness of the 
profiles is due to the presence of disorder similar to the experiments. f, Mode spatial width decrease with 
pump amplitude, proving the nonlinear narrowing above pump threshold. The mode width is limited by 
the width of the simulated gain spot.  
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Our numerical simulations successfully reconstruct, as shown in Fig.3, all the characteristic 
features seen in the experiment: the soliton shape and dynamics in the real space as well as the 
far-field spectra.  As shown in Fig. 3c, the soliton mode is mainly composed of two spatial wave 
vectors and is localised around the gain spot in real space. Power-dependent simulations also 
yield the mode width decrease, see Fig. 3f, which is the manifestation of the nonlinear trapping 
mechanism. Inclusion of nonlinear losses in the model is essential for reproducing the 
experimental shape of the soliton, as the model with only linear losses does not capture the 
dynamics presented in Fig. 3, neither does it show the mode width narrowing, as in Fig. 1.b. Our 
model includes also a random disorder potential with similar characteristics to the one measured 
experimentally, which slightly modulates the soliton shape as measured in the experiment (see 
Supplementary Information). The soliton shape is found to be robust to the change of the 
particular realizations of the disorder, which are kept within the experimentally measured values. 
 
Discussion 
We have demonstrated one-dimensional gain-pinned dissipative solitons in VCSELs for 
which: (i) the experimental realization is particularly convenient due to a nonresonant pumping, 
(ii) the  soliton size is limited by the gain profile and is therefore much smaller than the typical 
VCSEL solitons8–11 and comparable to the size of exciton-polariton solitons17,28, and (iii) the soliton 
formation dynamics, being driven by stimulated laser emission, is an ultra-fast process in the 
range of single picoseconds, orders of magnitude faster than cavity solitons and of the same order 
of magnitude as exciton-polariton bright solitons17,29. Although in our experiment we have 
investigated a quasi-one-dimensional version of a VCSEL laser, our results pave the way towards 
creating stable two-dimensional solitary modes, which, as predicted theoretically30, are within 
reach in modern semiconductor microcavities of similar design. Manipulation of the soliton 
position can be performed by spatial modulation of the excitation beam, offering exciting 
possibilities for the creation of two-dimensional vortex solitons30–32 or multi-soliton structures33. 
Furthermore, gain-pinned solitons presented here, due to their robustness and simple realisation, 
could be arranged in lattices forming a platform for simulations of classical Hamiltonians34,35, 
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studies of complex topological ordering36,37, and spontaneous symmetry breaking in laser 
systems33,38,39. 
 
Methods 
Experimental details 
The sample under investigations is an AlAs/GaAs λ/2-long microcavity composed of two 
distributed Bragg reflectors (DBRs) enclosing two stacks of four InGaAs/GaAs quantum wells 
located at the antinodes of the photon field. The ground state of quantum wells is located around 
1.262 eV. The one-dimensional microwires were created via electron beam lithography and 
etched using electron cyclotron-resonance reactive-ion-etching. The semiconductor-air interface 
on sidewalls of the microwire provides the spatial confinement of the photon modes in one of the 
in-plane directions. The sample was kept in a continuous flow liquid helium cryostat at a 
temperature T= 5 K.  
The excitation was provided by a mode-locked tunable Ti:Sapphire laser emitting 140 fs 
pulses with 76 MHz repetition. The laser spot was focused via a high numerical aperture objective 
lens (NA = 0.42) to a diffraction limited spot of about 1.5 µm width. The laser wavelength was 
tuned to the reflectivity minimum of the microcavity, above the GaAs bandgap, around 1.55 eV, 
providing local modulation of the cavity refractive index due to photogenerated carriers. The 
emission from the sample was collected via the same objective, and then further transferred 
through a set of achromatic lenses to a spectrometer for near-field and far-field imaging. The 
monochromator (0.5 m focal length, Princeton Instruments) outputs were connected to a two-
dimensional InGaAs near-infrared camera (NIRvana Princeton Intruments) and to a Hamamatsu 
streak camera (temporal resolution of about 3 ps). For imaging purposes, the monochromator 
grating was set to the zero-order mode. 
 
Theoretical model 
The soliton mode dynamics were modelled with a complex one-dimensional Ginzburg-
Landau equation describing the lasing mode electric field envelope function 𝐸(𝑥, 𝑡), coupled to a 
rate equation for the carrier reservoir 𝑁(𝑥, 𝑡) providing gain: 
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𝜕
𝜕𝑡
𝐸(𝑥, 𝑡) =
𝑖𝑐2
2𝑘𝑐𝑛𝑐2
𝜕2
𝜕𝑥2
 𝐸(𝑥, 𝑡) +
1
2
(Γ𝑁(𝑥, 𝑡) − 𝛾𝑐 − 𝛽|𝐸(𝑥, 𝑡)|
2)𝐸(𝑥, 𝑡)
− 𝑖𝛼𝑁(𝑥, 𝑡)𝐸(𝑥, 𝑡) − 𝑖𝑉(𝑥)𝐸(𝑥, 𝑡), (2) 
𝜕
𝜕𝑡
𝑁(𝑥, 𝑡) = 𝑃(𝑥, 𝑡) − 𝛾𝑁(𝑥, 𝑡) − Γ|𝐸(𝑥, 𝑡)|2𝑁(𝑥, 𝑡) (3).  
Here, the cavity photons are described by an effective mass along the microcavity stripe 𝑚∗ =
𝐸𝐶(𝑘∥=0)
(𝑛𝑐 𝑐⁄ )2 
, where 𝐸𝑐 = ℏ𝑘𝑐𝑐 is the cavity photon energy, 𝑛𝑐  is the cavity refractive index, 𝑐 is the 
speed of light, and 𝑘𝑐 is the confined longitudinal mode wavenumber. The gain in the system is 
described by the coefficient Γ , and the linear loss (cavity photon lifetime) is denoted by 𝛾𝑐. The 
nonlinear losses (e.g., two-photon absorption) in the system are described by 𝛽. The reservoir 
decay rate is determined by 𝛾. The nonresonant pumping of the system is described by the term 
𝑃(𝑥, 𝑡). This term can be constant for continuous wave simulations or can be expressed as 
𝑃(𝑥)𝛿(𝑡 = 0) for a pulsed excitation, setting the initial spatial density distribution of carriers in 
the microcavity. Local modifications of the cavity refractive index are introduced with the carrier 
density and scaled with the linewidth enhancement factor parameter 𝛼. The material disorder is 
described as a static potential 𝑉(𝑥). 
Simulations were performed with a following set of experimentally valid parameters: 𝛾𝑐 =
1 𝑝𝑠−1, 𝛾𝑟 = 1 ns
−1, 𝑚∗ = 3.12 ⋅ 10−5𝑚0, where 𝑚0 is the free electron mass, Γ =
0.01 μm/ps,  𝛽 =  1 μm/ps and 𝛼 = 4.6 ⋅ 10−3 μm/ps. 
Acknowledgements 
M.P would like to acknowledge fruitful discussions with Yuri S. Kivshar. The work was supported 
by the National Science Centre in Poland, by grant No. 2016/23/N/ST3/01350. The Würzburg 
group gratefully acknowledges support by the State of Bavaria. Assistance by F. Langer, 
M. Emmerling, and A. Wolf during sample fabrication is acknowledged. 
References 
1. Akhmediev, N. & Ankiewicz, A. (eds). Dissipative Solitons: From Optics to Biology and 
Medicine. 751, (Springer Berlin Heidelberg, 2008). 
2. Chen, Z., Segev, M. & Christodoulides, D. N. Optical spatial solitons: Historical overview 
and recent advances. Reports on Progress in Physics 75, 086401 (2012). 
12 
 
3. Eisenberg, H. S., Silberberg, Y., Morandotti, R., Boyd, A. R. & Aitchison, J. S. Discrete 
spatial optical solitons in waveguide arrays. Phys. Rev. Lett. 81, 3383–3386 (1998). 
4. Aitchison, J. S., Al-Hemyari, K., Ironside, C. N., Grant, R. S. & Sibbett, W. Observation of 
spatial solitons in AlGaAs waveguides. Electron. Lett. 28, 1879 (1992). 
5. Yi, X., Yang, Q.-F., Yang, K. Y., Suh, M.-G. & Vahala, K. Soliton frequency comb at 
microwave rates in a high-Q silica microresonator. Optica 2, 1078 (2015). 
6. Herr, T. et al. Temporal solitons in optical microresonators. Nat. Photonics 8, 145–152 
(2014). 
7. Grelu, P. & Akhmediev, N. Dissipative solitons for mode-locked fiber lasers. Nat. Photonics 
6, 84–92 (2012). 
8. Barland, S. et al. Cavity solitons as pixels in semiconductor microcavities. Nature 419, 
699–702 (2002). 
9. Genevet, P., Barland, S., Giudici, M. & Tredicce, J. R. Cavity soliton laser based on mutually 
coupled semiconductor microresonators. Phys. Rev. Lett. 101, (2008). 
10. Gustave, F. et al. Observation of Mode-Locked Spatial Laser Solitons. Phys. Rev. Lett. 118, 
044102 (2017). 
11. Pedaci, F. et al. All-optical delay line using semiconductor cavity solitons. Appl. Phys. Lett. 
92, 011101 (2008). 
12. Elsass, T. et al. Fast manipulation of laser localized structures in a monolithic vertical 
cavity with saturable absorber. Appl. Phys. B 98, 327–331 (2010). 
13. Hachair, X. et al. Cavity solitons in a driven VCSEL above threshold. IEEE J. Sel. Top. 
Quantum Electron. 12, 339–350 (2006). 
14. Zezyulin, D. A., Kartashov, Y. V. & Konotop, V. V. Solitons in a medium with linear 
dissipation and localized gain. Opt. Lett. 36, 1200–2 (2011). 
15. Malomed, B. A. Spatial solitons supported by localized gain [Invited]. J. Opt. Soc. Am. B 31, 
2460 (2014). 
16. Lam, C.-K., Malomed, B. A., Chow, K. W. & Wai, P. K. A. Spatial solitons supported by 
localized gain in nonlinear optical waveguides. Eur. Phys. J. Spec. Top. 173, 233–243 
(2009). 
17. Sich, M. et al. Observation of bright polariton solitons in a semiconductor microcavity. 
Nat. Photonics 6, 50–55 (2012). 
18. Sheik-Bahae, M., Hagan, D. J. & Van Stryland, E. W. Dispersion and band-gap scaling of 
the electronic Kerr effect in solids associated with two-photon absorption. Phys. Rev. Lett. 
65, 96–99 (1990). 
19. Combrie, S., De Rossi, A., Tran, Q. V. & Benisty, H. GaAs photonic crystal cavity with ultra-
13 
 
high Q: microwatt nonlinearity at 1.55 µm. Opt. Lett. 33, 1908 (2008). 
20. Notomi, M. & Taniyama, H. On-demand ultrahigh-Q cavity formation and photon pinning 
via dynamic waveguide tuning. Opt. Express 16, 18657 (2008). 
21. Yüce, E. et al. Competition between electronic Kerr and free-carrier effects in an ultimate-
fast optically switched semiconductor microcavity. J. Opt. Soc. Am. B 29, 2630 (2012). 
22. SoljaČiĆ, M. & Joannopoulos, J. D. Enhancement of nonlinear effects using photonic 
crystals. Nat. Mater. 3, 211–219 (2004). 
23. Said, A. A. et al. Determination of bound-electronic and free-carrier nonlinearities in ZnSe, 
GaAs, CdTe, and ZnTe. J. Opt. Soc. Am. B 9, 405 (1992). 
24. Xie, W., Hsu, F.-K., Lee, Y.-S., Lin, S.-D. & Lai, C. W. Multiple-pulse lasing from an optically 
induced harmonic confinement in a highly photoexcited microcavity. Optica 3, 1477 
(2016). 
25. Altug, H., Englund, D. & Vučković, J. Ultrafast photonic crystal nanocavity laser. Nat. Phys. 
2, 484–488 (2006). 
26. Harding, P. J., Euser, T. G., Nowicki-Bringuier, Y. R., Ǵrard, J. M. & Vos, W. L. Dynamical 
ultrafast all-optical switching of planar GaAsAlAs photonic microcavities. Appl. Phys. Lett. 
91, 111103 (2007). 
27. Anguiano, S. et al. Three dimensional trapping of light with light in semiconductor planar 
microcavities. arXiv:1812.07356 (2018). 
28. Skryabin, D. V. et al. Backward Cherenkov radiation emitted by polariton solitons in a 
microcavity wire. Nat. Commun. 8, 1554 (2017). 
29. Tanese, D. et al. Polariton condensation in solitonic gap states in a one-dimensional 
periodic potential. Nat. Commun. 4, 1749 (2013). 
30. Kartashov, Y. V., Konotop, V. V. & Vysloukh, V. A. Two-dimensional dissipative solitons 
supported by localized gain. Opt. Lett. 36, 82 (2011). 
31. Ma, X. & Schumacher, S. Vortex-vortex control in exciton-polariton condensates. Phys. 
Rev. B 95, 235301 (2017). 
32. Lobanov, V. E., Kartashov, Y. V., Vysloukh, V. A. & Torner, L. Stable radially symmetric and 
azimuthally modulated vortex solitons supported by localized gain. Opt. Lett. 36, 85 
(2011). 
33. Hou Tsang, C., Malomed, B. A. & Wing Chow, K. Multistable dissipative structures pinned 
to dual hot spots. Phys. Rev. E 84, 66609 (2011). 
34. Berloff, N. G. et al. Realizing the classical XY Hamiltonian in polariton simulators. Nat. 
Mater. 16, 1120–1126 (2017). 
35. Nixon, M., Ronen, E., Friesem, A. A. & Davidson, N. Observing Geometric Frustration with 
14 
 
Thousands of Coupled Lasers. Phys. Rev. Lett. 110, 184102 (2013). 
36. Tosi, G. et al. Geometrically locked vortex lattices in semiconductor quantum fluids. Nat. 
Commun. 3, 1243 (2012). 
37. Pal, V., Tradonsky, C., Chriki, R., Friesem, A. A. & Davidson, N. Observing Dissipative 
Topological Defects with Coupled Lasers. Phys. Rev. Lett. 119, 013902 (2017). 
38. Kartashov, Y. V, Konotop, V. V & Vysloukh, V. A. Symmetry breaking and multipeaked 
solitons in inhomogeneous gain landscapes. Phys. Rev. A 83, 41806 (2011). 
39. Hamel, P. et al. Spontaneous mirror-symmetry breaking in coupled photonic-crystal 
nanolasers. Nat. Photonics 9, 311–315 (2015). 
 
 
Author contributions statement 
M.P. conceived the research project. M.P. and M.S. carried out the optical experiments and 
together with G.S. analysed the data. M.P., D.P. and E.A.O. done the theoretical analysis and M.P. 
performed numerical simulations. C.S. and S.H. fabricated the sample. All authors contributed to 
the results discussion. M.P. wrote the manuscript with an input from all authors. 
 
